Ice is an important factor for wind turbine system health monitoring. Ice should be predicted and removed before forming on the blades. If ice forms on the axle, it will give a friction force on the axle and damage the electrical system. The objective of this paper is to design and implement an ice detection sensor system to prevent ice forming on wind turbine. A TI series temperature sensor is chosen to measure the side parameters, input to a grey-model based prediction module to get the predicted values, and send them to LEWICE system to predict the ice shape.
Introduction
The best locations for wind turbines systems are the exposed locations, but these locations are easy to form ice on the blades [1] . It will cause a lot of problems if ice is forming on the blades, such as: complete loss of production, disrupted aerodynamics caused reduction of power, overloading due to delayed stall, more and more fatigue components because of the imbalance in the ice load, and most important, damage or harm caused by uncontrolled shedding of large ice chunks.
If the ice forming become critical, in the extreme condition, it is no possible to start the turbine, due to changed aerodynamics of the blades, with subsequent loss of all possible production for quite long period of time. In addition, the buildup of ice on the blades of the turbine disturbs the aerodynamics, which can either reduce the amount of power produced or overload the turbine if it is stall regulated [2] . The increased fatigue loads on all components of a wind turbine operating with an unbalanced ice load on the blades has been presented as a problem where the effects are difficult to predict due to general lack of knowledge regarding the intensity and duration of icing events. The last problem from icing does not concern the wind turbine itself, but is the risk posed by uncontrolled shedding of ice chunks. These are of special danger to service personnel, but may also affect public acceptance towards wind power if the danger requires fencing off large areas around the wind turbines.
There are a lot of conditions that can form ice and there are a lot of different types of ice. Because this reason, there are a variety of methods to detect ice. But the most directly way is break the environment that can form ice. It is similar if the condition is met, we can surely predict, say ice will form.
Sensors Chosen for Wind Turbine System
A sensor is a device which measures a physical quantity and converts it into a signal that can be measured [3] . A sensor is basically an interface between the physical world and an electrical computing device. The technological developments in electronics have made it possible to deploy large number of low-power distributed sensing devices. Each of these sensing devices is also called a Sensor node and is capable of limited amount of processing. The Sensor nodes can be deployed in large number and can coordinate with each other to form a sensor network that can measure a physical environment in greater detail.
Optically based sensors, including fiber sensors and opto-electronics sensors, are an emerging sensor technology that exhibit: excellent sensitivity, low cost and weight, high manufacturability and package-ability, large dynamic ranges, and potential electromagnetic immunity. [4] Optically based sensors have been demonstrated in many sensing applications, including: chemical, environmental, and physical sensing. White-light polarization interferometry, also referred as WLPI, is a popular fiber optic sensor technology. Fiber optic sensors are made up of two main parts: the fiber optic transducer and the signal conditioner. The fiber optic transducer is made of a proof body which contains an optical device that is sensitive to the physical magnitude to be measured. The signal conditioner is used for injecting light into the optical fiber, receiving the modified light signal returned by the transducer as well as for processing the modified light signal and converting the results into the physical units of the measurand.
Optical interferometry is recognized as the most sensitive method for fiber optic sensing. Indeed, the interferometer is known as a very accurate optical measurement tool for measuring a physical quantity by means of the measurand-induced changes of the interferometer path length difference. However, when using a narrowband light source (such as a laser source), the coherence length of the source is generally greater than the path length difference of the interferometer and therefore the measurement suffers from a 2s phase ambiguity. This problem is avoided by using a light source with short coherence length that is a light source with a broadband spectrum. This type of interferometry is known as white light. The using of white light in fiber optic sensor technology is known as WLPI technology.
For wind turbine application, fiber optic sensors have many advantages. They are much cleaner than electrical strain gauges because one cable can have over one hundred individual sensors of varying types. It also can be attached to surface or embedded in laminates. And it is simple to install because there is only one wire to run and back. Only one wire that must be considered compared to 3 per gauge for foil gauges. Fiber optic sensors also have a long life. Experiment shows they have a 25-year service life on wind turbine system. It also doesn't have signal degradation when transmitted over long distance. After installation, it doesn't need for recalibration. You don't need to concern of electrical interference from outside sources because passive sensors with doesn't required electrical power.
Due to the industrial problems they have some disadvantages. Sensors and interrogation units are expensive. Fiber optic sensor technology is relatively new that doesn't have the history of other systems. Furthermore, it is hard to find information of the products in the market because of limited number of manufacturers. Although initial cost is expensive, costs are reduced by several measures as lower cost of installation, reliability reduces long term costs.
One interrogator can also handle hundreds of sensors.
As we can see from the above, the fiber optic sensors have the small size and low power consumption. Compare to the fiber optic sensor, ice detector has a large size and consume more power. Since we already have the smaller fiber optic sensors, why not using these parameters to predict ice forming? A method will be introduced to replace the ice detector.
Grey Model Based Prediction Module
A black system can be viewed only through its inputs and outputs, without any knowledge of its internal working. [5] We can understand as its implementation is "opaque". With these systems, we cannot predict the next value of their outputs; we can only know the output after we gave the input. The opposite of a black system is a white system. With a white system, the inner components and logic are available for inspection. For these systems, because we know the structure of system, we can calculate the output with any given input.
With the definition of black system and white system, if we only know part information of the system, this system is called grey system [6] . In grey system theory, the random process is called grey process, which varies in a definite range and timerelated. All sorts of random variables in a grey system are called grey variables. These variables must change in a certain limited way. So we can generate a sequence of data and develop a Grey Data Generation method to trim disorder original data. Environment changing (temperature, humidity, pressure) is a dynamic process. These variables are changing continuously and they are random. But these parameters changes follow some unobvious rules and affect each other, so we cannot give certain algorithm to calculate the next possible value. Fortunately, because they still follow some unobvious rules, so if we generate a data list, we are able to predict the next value. The latency, development and occurrence of the data list should be continuous, comparability and relativity. Based on these characteristics of the data list, we can forecast its occurrence with the analysis of past and actuality. Environments changing have characters of grey system, so it can be analyzed by grey system theory [7] . This formula is the equation of GM (1, 1). Variable "a" is called developing coefficient and variable "u" is called "inside generator control grey data. Define as:
Here is the coefficient that needs to be calculated.
Because almost equals to zero, formula above can be written in a discrete form:
The environment system is a very slow and continuously changing process, so when is small enough, we can assume there is not a saltation from to . So we can use the average of them:
Thus, the GM (1, 1) becomes:
As the same:
If we express it in a matrix form:
We can tag in:
When the rank of B , the matrix formula above has exclusive solution, we can use Least Square method to calculate :
Thus we can figure out parameter "a" and "u" of GM (1, 1) . Based on the formula that calculates the roots of ordinary differential equations, the particular solution of is:
Suppose :
Then we can get the final result:
Due to GM (1, 1) is neither the differential equation nor the difference equation, if |a| is small enough [8] , that is:
In order to increase prediction precision, use residual error from to model residual GM (1, 1) for modifying the forecast value.
Let residual error is:
Then make a residual series set as:
The sign of are not consistent, and so we need to preprocess the sequence, choose a constant Q, that has: Get:
And class ratio:
Residual translation series is:
Once again modeling GM (1, 1) to residual translation series, get the time response function of its prediction value, as: And restore , then:
We obtain:
This is the result of residual GM (1, 1) calamites model [9] .
Temperature parameter is chosen to examine the accuracy of C++ implementation. A wireless temperature sensor: eZ430-RF2500 ---a TI product is chosen. LEWICE LEWICE is software used for predicting ice shapes, collections efficiencies, and anti-icing heat requirements. LEWICE can be run on a regular desktop PC. The analysis will take several minutes to finish. It allows user to run several parameter studies for design purposes. The form of ice can be assessed performance degradation both as an input to a CFD program or experimentally in flight or in a wind tunnel [10] .
The computer code LEWICE has an analytical ice accretion model. It can evaluate the thermodynamics of the freezing process when super cooled droplets impinge on a body. The atmospheric parameters of temperature, pressure, and velocity, and the meteorological parameters of liquid water content (LWC), droplet diameter, and relative humidity are specified and used to determine the shape of the ice accretion.
The definition of surface of the clean is the segments joining a set of discrete body coordinates. The code consists of four major modules: 1) the flow field calculation 2) the particle trajectory and impingement calculation 3) the thermodynamic and ice growth calculation 4) the modification of the current geometry by addition of the ice growth LEWICE applies a time-stepping procedure to "grow" the ice accretion. Initially, the flow field and droplet impingement characteristics are determined for the clean geometry. The ice growth rate on each segment defining the surface is then determined by applying the thermodynamic model. When a time increment is specified, this growth rate can be interpreted as an ice thickness and the body coordinates are adjusted to account for the accreted ice. This procedure is repeated, beginning with the calculation of the flow field about the iced geometry, then continued until the desired icing time has been reached.
Each line of the geometry input file contains an (x, y) coordinate pair for the body geometry. LEWICE expects the coordinates to be normalized by chord. The x-coordinate is listed first. The format of the data is free-format for the (x, y) coordinates.
If the body geometry is too coarse, the panel model created may not replicate the body geometry input. The suggested least point is 30. The only true upper limit to the number of points which the user can input is 10000, which is the internal array size. Standard geometry input files used for testing purposes range from 50 to 150 points.
Problems may occur if input points are very close together or exactly the same. Body geometry points should be input in a clockwise fashion.
Around the controllable parameters, temperature is the most important and critical factor. So temperature will be used as simulation parameter. From the output file of thick.dat, we can also find the corresponding ice thickness of each (x, y) coordinate. Using this data, we can calculate the average thickness of areas where ice is forming. After several test, we can get the growth of ice. If the growth of ice is faster than the ability of de-ice system, and then we should shut down the windturbine system. In this example, we can see the growth of thickness of area (0. Table 4 .
Growth of Ice Thickness

Summary
This paper presents a possible way to replace ice detector on wind turbine system. This method solves the size and power consumption problems of ice detector in the market which needs to be applied on the blades.
Fiber optic sensor has developed a lot during the last ten years and they already have a lot of practical applications. Since six years ago, some companies started doing tests on sensors in order to make them reliable and robust in the extreme environments such as wind turbine system and aviation field. They already have products to measure temperature, humidity and pressure. But because the complexity of technology, we cannot find reliable ice sensor in the market. So using the existing technology of fiber optic sensor to replace ice detector becomes a wide way. In this thesis, several products are introduced and can be references when applied on the real project.
Using grey-model based prediction model, we can get the predicted value of critical parameters. As input of Lewice, we can get the ice prediction. Based on the task, we can change the critical parameters to meet the requirement.
